Background-To ascertain whether findings from hospital based clinical series can be extended to patients with idiopathic pulmonary fibrosis (IPF) in the general population, the survival of patients with IPF in a population based registry was compared with that of a cohort of patients with IPF treated at major referral hospitals and the factors influencing survival in the population based registry were identified. Methods-The survival of 209 patients with IPF from the New Mexico Interstitial Lung Disease Registry and a cohort of 248 patients with IPF who were participating in a multicentre case-control study was compared. The determinants of survival for the patients from the Registry were determined using life table and proportional hazard modelling methods. Results-The median survival times of patients with IPF in the Registry and case-control cohorts were similar (4.2 years and 4.1 years, respectively), although the average age at diagnosis of the Registry patients was greater (71.7 years versus 60.6 years, p < 0.01). After adjusting for diVerences in age, sex, and ethnicity, the death rate within six months of diagnosis was found to be greater in the Registry patients (relative hazard (RH) 6.32, 95% CI 2.19 to 18.22) but more than 18 months after diagnosis the death rate was less (RH 0.35, 95% CI 0.19 to 0.66) than in the patients in the case-control study. Factors associated with poorer prognosis in the Registry included advanced age, severe radiographic abnormalities, severe reduction in forced vital capacity, and a history of corticosteroid treatment. Conclusions-The adjusted survival of patients with IPF in the general population is diVerent from that of hospital referrals which suggests that selection biases aVect the survival experience of referral hospitals. (Thorax 1998;53:469-476) 
Idiopathic pulmonary fibrosis (IPF)/ cryptogenic fibrosing alveolitis is a chronically progressive interstitial lung disease which results in severe disability and death in the majority of cases. 1 IPF is the most common interstitial lung disease with an incidence of approximately 15 per 100 000 per year. 2 Because diYcult decisions must be made regarding treatment and the patient's anticipated decline in quality of life, both physicians and patients need valid prognostic information. Reports of case series estimate that median survival for IPF is 3-5 years; however, there is uncertainty in these estimates due to the diVerences in the study populations and their relatively small sizes, the diYculty in establishing onset of the disease, and diVerences in the rate of disease progression. 3 The factors that have been associated with survival in IPF include age at onset of symptoms and diagnosis, [4] [5] [6] [7] sex, 4 5 8 duration of symptoms, 6 9 10 the severity of chest radiographic abnormalities, 4-6 8 11 pulmonary function impairment, 6 8 9 11-13 the degree of active alveolar inflammation, 4 5 9-11 14 and response to corticosteroid or immunosuppressive therapy. 5 6 9 13-15 However, because this information is based mainly on the case-series experience of referral centres, it may represent a biased sample of all patients with IPF. We do not know if the findings of these studies can be extended to patients seen in the community with IPF.
The New Mexico Interstitial Lung Disease (ILD) Registry was established in 1988 to describe the occurrence of interstitial lung diseases, including IPF, in Bernalillo County, New Mexico (1990 population 480 577). 2 Data from this Registry, as compared with case series data, can be used to describe the natural history of unselected IPF patients, the incidence of disease, and the treatment of IPF in the general population. To determine whether selection biases aVect the survival of patients with IPF seen in referral centres we compared the survival of 209 incident cases of IPF identified by the New Mexico ILD Registry with that of 248 patients with IPF who were ascertained through referral centers as participants in a case-control study on aetiology. 16 This report also presents an analysis of factors aVecting the survival of patients with IPF in the population based Registry.
Methods

THE NEW MEXICO ILD REGISTRY
The New Mexico ILD Registry was established in 1988 to describe the prevalence and incidence of interstitial lung diseases in a population based cohort. 2 All pulmonary physicians, internists, family practitioners, and other physicians in Bernalillo County, New Mexico who encountered patients with interstitial lung diseases were solicited for cases; in addition, patients with interstitial lung diseases were identified from computerised billing records of all pulmonary clinics and hospitals in the county. For inclusion in the Registry patients had to have a physician's clinical or pathological diagnosis of an interstitial lung disease during the enrolment period, be 18 years of age or older, and reside within Bernalillo County. Patients who did not have biopsy samples taken were required to have documented clinical evidence (clinical history, physical examination and radiographic findings, pulmonary function tests) to support the diagnosis. Cases with only a radiographic diagnosis of an interstitial lung disease were excluded. During its four year enrolment period from 1 October 1988 to 30 September 1992 a total of 4520 patients were referred to the Registry and were reviewed: 3537 did not have an interstitial lung disease or had insuYcient evidence to support the diagnosis, and 258 did not live in Bernalillo County or were younger than 18 years. Of 725 cases meeting enrolment criteria, 316 were prevalent and 409 were incident cases. Of the incident cases, 200 had a specific interstitial lung disease diagnosis such as sarcoidosis or asbestosis, and the remaining 209 patients with IPF are included as the study cohort.
Chest radiographs taken near the time of diagnosis were obtained whenever available and scored for profusion by a certified "B" reader (DBC) using the International Labor Organization classification system. Profusion abnormalities that scored 1/2 or lower were designated as "mild", those from 2/1 to 2/3 as "moderate", and those of 3/2 or greater as "severe". All radiographs were read without prior knowledge of the clinical history.
Pulmonary function tests obtained near the time of diagnosis were abstracted from medical records. Reductions in the forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1 ) of less than 80% of predicted were designated as "moderate" and values of less than 60% of predicted were designated as "severe". To examine the relationship between airway obstruction and survival in IPF, patients were divided into three categories: those with an FEV 1 of more than 80% predicted were "normal", those with an FEV 1 of less than 80% predicted and an FEV 1 /FVC ratio of less than 0.75 were designated as "obstructed"; and those with an FEV 1 of less than 80% predicted and an FEV 1 /FVC ratio of more than 0.75 were designated as "restricted".
Detailed cigarette smoking histories were available only for patients who had personal interviews; the remainder were classified as "ever smokers" or "never smokers" based on medical records. Patients who reported using cigarettes for a total of less than six months during their lifetimes were classified as never smokers. Patients for whom smoking exposure could not be quantified were listed as unknown. Because only six patients in the Registry continued to smoke after the time of their diagnosis, current and former smokers were analysed together.
During case ascertainment for the Registry it was noted that patients with IPF were usually assigned the diagnostic billing codes pulmonary fibrosis (ICD-9, 515), idiopathic or interstitial pulmonary fibrosis (ICD-9, 516.3), or interstitial or primary pneumonitis (unspecified ICD-9 codes). To investigate whether the diVerences in diagnostic codes had any influence on survival, we included the coding groups in the survival analyses.
The vital status of each patient in the Registry was confirmed by follow up contact with patients, their families, or their physicians. For those whose vital status could not be determined from these sources, we searched the New Mexico Bureau of Vital Statistics and the National Death Index. As of 15 August 1995, a total of 114 patients (54.5%) were deceased. All patients not confirmed as deceased at that date were assumed to be alive. A review of the causes of death and the accuracy of death certificate diagnoses in the New Mexico Interstitial Lung Disease Registry has been previously published. To compare the survival of the patients with IPF identified in the New Mexico ILD Registry with those patients identified at referral hospitals, we examined the survival of 248 patients with IPF who participated in a multicentre case-control study. These patients were diagnosed between January 1989 and July 1993 at 16 diVerent institutions located in 15 states. Details of the study methods and patient characteristics of the IPF case-control study have been previously published. 16 Patients who had the diagnosis of IPF made without lung biopsies were required to have documented symptoms of cough or dyspnoea, bilateral crackles on chest auscultation, and bilateral reticular or reticulonodular infiltrates on chest radiography. Survival for each patient in the case-control study was determined from the time of diagnosis, and survival status was determined by follow up with the patient or a family member. For those whose vital status could not be determined from these sources, we searched the National Death Index. All persons who were not confirmed as deceased at 31 December 1993 were assumed to be alive.
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STATISTICAL ANALYSIS
All calculations were performed using SAS procedures. 18 The duration of survival from the date of diagnosis was determined for each patient. Survival distributions were computed using the Kaplan-Meier life table method and diVerences in survival between the groups of patients with clinical factors of interest were compared using log rank and Wilcoxon tests.
The Cox proportional hazards model was used to compare the survival of the patients on the Registry with those from the case-control study, and to determine the eVect of various factors on survival in the Registry cohort. These results are expressed as the relative hazard for death among those who had or were exposed to a factor of interest compared with those who did not have or were not exposed to the factor. The proportional hazards assumption for each covariate in the model was evaluated using log(-log) plots and Schonfeld's goodness-of-fit test. 19 The relative hazard comparing death in the two cohorts was found to vary over time so the relative hazard was calculated for five separate time intervals. Two-way interactions between all variables in the final models were tested and found to be insignificant.
The relative survival rates of patients with IPF in the New Mexico ILD Registry and in the case-control study were computed using the 1980 United States census life tables. 20 The expected survival in the Registry and in the case-control study was determined by matching each patient to the census data by age, sex, and ethnicity (non-Hispanic white, Hispanic, or other). The relative survival was computed 
Results
The mean age of patients with IPF in the New Mexico ILD Registry was significantly greater than that of the hospital referral cohort (71.7 years versus 60.6, p < 0.01), and the average duration of follow up among survivors was greater in the Registry cases (57.3 versus 29.8 months, p < 0.01). There was a slightly higher proportion of women in the Registry cohort, although the diVerence was not statistically significant (table 1) . The ethnic background of Registry patients was representative of the ethnic population distribution of Bernalillo County (55.9% non-Hispanic white, 36.2% Hispanic, 3.4% Native American, 2.7% African American, 1.8% other non-whites; 1990 US Census). The proportion of smokers and the mean % predicted FVC and FEV 1 at the time of diagnosis were similar in each cohort. Only 42% of patients with IPF in the Registry had lung biopsy samples taken compared with 69% of patients in the hospital based cohort. Patients of less than 65 years of age at the time of diagnosis were significantly more likely to have lung biopsy samples taken than those aged 65 or older in both cohorts (p < 0.01).
The Kaplan-Meier survival plots for the Registry and hospital based cohorts are shown in fig 1. The median survival times of patients with IPF in the Registry and case-control cohorts were similar (4.2 years and 4.1 years, respectively). Although the diVerence between the survival curves was not significant by the log-rank method, it was statistically significant by the Wilcoxon method which emphasises diVerences in the beginning of the survival curve.
Cox proportional hazards models adjusting for diVerences in age, ethnic group, and sex were used to estimate the relative hazard of death in the Registry to the hospital-based cohort at various time intervals after diagnosis (table 2) . Within the first six months of (table 3) . The observed survival and the relative survival at one year after diagnosis were lower in the Registry cohort than in the case-control study cohort. However, by three years after diagnosis the relative survival in the case-control study cohort was poorer, while the observed survival in the two groups was very similar.
LIFE TABLE ANALYSIS OF PATIENTS WITH IPF IN THE NEW MEXICO ILD REGISTRY
Age at diagnosis was a strong determinant of survival for patients with IPF in the ILD Registry (fig 2, table 4) . Severity of illness at diagnosis, as indicated by the degree of fibrosis on chest radiographs and the degree of impairment on spirometric testing, did not diVer by age. Patients age 75 years or older were significantly less likely to have smoked (54.3% versus 79.3%) and were also less likely to have been treated with corticosteroids (28.1% versus 49.1%) than patients in the other age groups.
Patients with severe profusion abnormalities on the chest radiograph had significantly reduced survival (fig 2, table 4 ). The median survival for patients with severe profusion abnormalities was only 13.5 months compared with 62.7 months and 56.2 months for the mild or moderate profusion groups, respectively. Although there was a tendency for patients with severe radiographic abnormalities to also have abnormal spirometric values, the correlation between the degree of radiographic abnormality and the degree of spirometric impairment was weak (Spearman's r = 0.16, p = 0.15).
Patients with IPF with severe reductions in FVC on routine spirometric testing also had poorer survival (fig 2, table 4 ). The median survival for patients with FVC of less than 60% of predicted was only 37.5 months compared with 64.7 months for patients with FVC of 60% of predicted or greater. The survival distributions by category of FEV 1 were similar to those for FVC. Patients with restrictive or obstructive spirometry patterns had slightly reduced survival compared with those with normal spirometry; however, the diVerences were not significant.
Patients with symptoms related to IPF for more than 12 months prior to diagnosis had significantly better survival than those having symptoms for less than 12 months. However, because most patients reported having IPF symptoms for less than 12 months, the estimate for the five year survival for those with a longer duration of symptoms is imprecise (table 4) . There were no significant diVerences in symptom duration by age, sex, ethnicity, smoking status, use of corticosteroid therapy, radiographic profusion abnormality, or impairment on spirometric testing.
Survival did not diVer significantly according to sex, although there were sex diVerences in clinical presentation, diagnostic evaluation, and treatment (fig 2, table 4 ). Men were more likely than women to have moderate or severe profusion abnormalities on the chest radiograph at the time of diagnosis (62.0% versus 34.6%) or to have had diagnostic biopsy samples taken (49.1% versus 36.2%). Men were also more likely to have been treated with corticosteroids (44.2% versus 33.8%). Persons who had ever smoked cigarettes tended to have better survival than those who had never smoked, although the diVerence was not significant (table 4) . Ever smokers were significantly younger than never smokers, and a higher proportion of men than women had used cigarettes (77.7% versus 55.7%). The prevalence of use of tobacco by age, sex, and ethnicity in the IPF Registry was similar to findings of a survey of the residents of Bernalillo County in 1979-1980. 21 Ever smokers were also more likely to have received corticosteroid therapy (49.6% versus 25.9%). There were no significant diVerences between the never smokers and ever smokers in terms of chest radiographic profusion, spirometric abnormalities, or symptom duration.
Other clinical factors which did not appear to be associated with survival by univariate analysis included ethnicity, corticosteroid treatment, diagnostic coding category, and history of biopsy (table 4). The Hispanic group was older than the non-Hispanic white group at the time of diagnosis (74.9 versus 70.5 years) but there were no diVerences in the degree of chest radiographic profusion abnormalities or spirometric impairment between the two groups. Patients with IPF with the billing codes pulmonary fibrosis (ICD-9, 515) or idiopathic or interstitial pulmonary fibrosis (ICD-9, 516.3) tended to be older, have a longer duration of symptoms, and have more radiographic abnormality than those coded as interstitial or primary pneumonitis, but the diVerences did not reach significance.
PROPORTIONAL HAZARDS MODELLING FOR SURVIVAL OF IPF PATIENTS IN THE REGISTRY
The Cox's proportional hazards model was used to estimate the relative risk associated with each survival factor while adjusting for all other factors. In these analyses the risk of death was significantly higher for patients with advanced age or severe profusion abnormalities on the chest radiograph (table 5). As noted in the life table analysis, those with severe reduction in FVC had poorer survival than the other groups although the diVerences among the three groups did not reach statistical significance. A history of corticosteroid treatment, which was not significant in the life table analysis, was associated with a significantly increased risk of death in the proportional hazards model. Patients with a duration of symptoms of 12 months or more prior to diagnosis and those diagnosed with primary pneumonitis also tended to have better survival. Sex, cigarette smoking, ethnicity, and biopsy history were not associated with a significantly increased relative risk of death. Terms for obstructive lung disease and restrictive lung disease were not significant when included in the model.
Discussion
Although the median survival of patients with IPF in the population based Registry was similar to that of the cohort of patients seen at referral hospitals, we found substantial diVerences in mean age and in adjusted survival between the two cohorts. The mean age of Registry patients was 71.7 years, which is similar to the mean age of the British Thoracic Society's national registry of patients with cryptogenic fibrosing alveolitis (CFA) 22 ; the mean age of the referral hospital cohort was 60.6 years which is similar to the mean ages reported from previous referral hospital cohorts. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] After adjusting for age, sex, and ethnic group, patients in the Registry had a higher mortality within six months of diagnosis than the cohort of IPF patients seen at referral hospitals, but better survival after 18 months. These findings suggest the following: (1) the average age of patients with IPF in the general population is much greater than previously reported from case series; (2) the adjusted survival of patients with IPF in the general population is diVerent from that of referral hospital populations; and (3) selection biases may affect the survival experience of referral hospitals.
Survival among patients in the Registry with IPF was primarily related to the patient's age at the time of diagnosis and to indices of disease progression, including severe chest radiographic profusion abnormalities and severe lung function impairment. The median survival among IPF patients in the Registry from the date of diagnosis was 4.2 years, similar to the median survival durations reported in hospital based reports 4-6 8 9 14 and to that of the cohort of IPF patients seen at referral hospitals. The relative survival of IPF patients in the Registry at five years compared with the expected survival determined from census data was 63.7% (95% CI 53.8 to 73.6). A history of treatment with corticosteroids was associated with increased risk of death in the proportional hazards model. This result must be interpreted with caution: the New Mexico ILD Registry was not designed as an intervention study and patients were treated only at the discretion of their personal physician. Patient sex, ethnicity, tobacco use, and history of biopsy were not significant predictors of survival in the Registry.
IPF is considered to arise from a disease process in which a cellular inflammatory response to an unknown stimulus eventually results in diVuse and permanent pulmonary fibrosis. 23 Several studies have found that patients with histological evidence of active inflammation are more likely to improve clinically with treatment 5 6 9 10 and also to have better survival. 4 5 9-11 14 However, reports from investigations of the prognosis of patients with IPF that examined factors other than tissue histology are inconsistent and even conflicting. Bronchoalveolar lavage (BAL) cell counts have been reported as predictive of treatment response and disease progression in IPF 15 24 25 but, after adjusting for other clinical factors, BAL cell counts lose their prognostic significance. 8 26 Patients with IPF with a reduced FVC are more likely to have active alveolitis 27 and are more likely to improve with treatment, 15 28 but they are also more likely to have reduced survival. 9 12 15 Other factors that have shown inconsistent or conflicting associations with progression and survival in IPF include male sex, 4-6 8 age at diagnosis, 4-8 and duration of symptoms prior to diagnosis. 6 9 10 These discrepancies among IPF studies have several possible explanations. Because of the variable clinical presentations of IPF, the potential exists for large diVerences in the mean patient age, severity of illness at presentation, and rate of disease progression among study groups. In addition, diVerences in clinical diagnostic criteria and the variability in pathological diagnosis and grading may result in disease misclassification. There is also evidence that the presentation of IPF may be aVected by patient age and smoking status, 27 which is also suggested in our study. The eVects of competing causes of death such as coronary artery disease and cancer have not been adequately accounted for in published studies, in spite of the fact that IPF most often aZicts the elderly, and that many people with IPF die of unrelated diseases. 1 17 Data from the UK and from our Registry also suggest that referral patterns and management diVerences could result in a biased survival experience at pulmonary referral centres. 29 30 Of the 209 patients with IPF in the Registry cohort, only 42% had any type of lung biopsy sample taken compared with the 50-100% biopsy rates reported in survival studies from referral centres. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] This may have resulted in disease misclassification in the Registry, with some patients with IPF having other types of interstitial lung diseases with diVerent survival characteristics. Because only a few patients had biopsy samples taken, we also could not examine tissue cellularity as a prognostic factor. Nevertheless, any errors in the survival estimates due to disease misclassification and confounding resulting from the lack of biopsy data are likely to be small for several reasons: (1) a clinical diagnosis of IPF in the Registry was associated with a poor median survival quite similar to that of patients with IPF from the hospital based cohort (4.2 years and 4.1 years, respectively); (2) the mean percentage predicted FVC and FEV 1 of the Registry group at the time of diagnosis was not diVerent from that of the hospital cohort; (3) 96% of patients in the Registry were diagnosed and treated by pulmonologists who applied the same diagnostic criteria as those used in previous IPF studies when biopsy samples were not taken; and (4) survival in the Registry was not related to a history of biopsy. The limited use of biopsy, which has also been seen in the British Thoracic Society CFA registry, may be due to scepticism about the utility of invasive diagnostic procedures to diagnose a disease with a generally limited response to treatment. 22 30 We were unable to examine the relationship between response to IPF treatment and survival. Clinical improvement with corticosteroid therapy has been associated with an improved prognosis, 5 6 9 13-15 although it is not known whether corticosteroids actually aVect the natural history of the disease. 23 Because the majority of the IPF patients in the Registry were older, had evidence of advanced disease at presentation, and were not treated, it is unlikely that data about treatment response would have significantly altered the overall survival analysis.
Transfer factor (diVusion capacity) was not available for a high proportion of patients in both cohorts, so it was not used for analysis. The reasons for its inconsistent use are not clear. In the ILD Registry transfer factor was often not measured in subjects with severe radiographic or spirometric impairment, possibly because the diagnosis was more obvious in these patients, or because it is a technically difficult test in those with severely limited lung function.
We found that survival among those in the Registry, ascertained from 1988-1992, was similar to earlier reports in the literature with case ascertainments in the 1960s and 1970s. For example, the mean survival in the Edinburgh Hospital review was 47.4 months 9 and the median survival in the Brompton Hospital series was 4.5 years. 4 Thus, in spite of a changing approach to treating IPF, survival has not improved. 30 These results emphasise the need for clinical trials to determine optimal treatments of IPF and to give physicians information on the benefits and risks of treatment.
